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Abstract — In this work the electrostatics of the pneumatic 
conveying of granular materials in a non-conducting (PVC) 
vertical pipe is studied using Electrical Capacitance 
Tomography (ECT) system. The non-conducting wall in 
general attains static charges arising from particle-wall 
collisions in the initial periods of conveying process and then 
reaches equilibrium with the surroundings. The polarity of 
particles and conveying pipe inner wall agrees reasonably 
well with the contact potential difference measurements. The 
perturbations in the capacitance signal due to charge 
accumulation are larger with smaller air superficial velocity. 
The denser flow regimes give larger wall residual charge. 
Wall charging process shows similar trend by surface 
potential and ECT measurements. The addition of small 
amount (0.5% by weight) of anti-static agent (Larostat-519) in 
the powder form decreases the electrostatic charge generation 
by altering the patterns for particle-particle and particle-wall 
collisions.  
 
Index Terms—Pneumatic conveying; granular materials; 
electrical capacitance tomography; electrostatics. 
 
 
I. INTRODUCTION 
LECTRIFICATION  of pipe walls due to particle-
wall collisions in the pneumatic conveying operation 
has been a subject of interest for many researchers. A 
recent study [1] on the pneumatic transport of glass beads 
(ds = 1 mm) and industrial granules (ds = 0.9 mm) in an 
acrylic pipe of i.d 25 mm identified charge accumulation 
on the pipe walls. The charging characteristics depend on 
the type of pipe material, particle material, transport 
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method and the number of successive tests. Study [2] on 
the electrostatic induction principle is used to build a 
microprocessor based system that measures the flow noises 
of the electrically charged moving particles. Addition of 
anti-static powders such as Larostat-519 on Geldart C type 
particles is studied for the electrostatic charging in a plexi-
glass tube of 31.7 mm [3]. Fine size glass beads of 
diameter 20 µm seems to be less affected by the anti-static 
powder since the particles themselves form a thin coating 
on the pipe walls and the contact between like particles 
results in reduced charge generation. Electrical 
Capacitance Tomography (ECT) has been considered 
seriously for the imaging of gas-solids mixtures [4-8]. In 
this technique several electrodes are uniformly wrapped 
around the pipe/vessel containing the two-phase mixture. 
The capacitance values across several pairs of electrodes 
are measured to estimate the permittivity of the two-phase 
mixture, as the solids concentration once the sensors are 
calibrated for the low and high permittivity values of both 
the phases.  
Characterization of particles in terms of their 
electrification properties in solid/gas flow has been 
reported in recent years.  Contact potential difference 
measurement is a standard tool to quantify electron transfer 
when two matters are brought into contact [9]. In the 
present study perturbations in the permittivity values due to 
the charge accumulation with time are measured. The 
effects of various parameters such as superficial gas 
velocity, anti-static agent, and the regime of operation on 
the charging and dissipation characteristics of the pipe 
walls for static electricity are observed by the ECT 
measurements. 
II. EXPERIMENTAL 
    The experimental schematic diagram is given in Fig.1.  
Air from the compressor mains entrained the solids feeding 
through the rotary valve. The rotary valve (General 
Resource Corp., Hopkins, Minnesota) has 8 pockets on the 
rotary and rotates at 30 rpm. The height of the vertical pipe 
between two smooth 900 elbows(R/r = 2) is about 3.41 m. 
The pipe diameter is 40 mm i.d and the horizontal part is 
about 4.12 m in length. The conveying pipe is made of 
PVC material with wall thickness of 5 mm. One ECT 
sensor on the vertical pipe (2.05 m away from the bottom 
elbow) and another ECT sensor mounted on the horizontal 
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pipe (1.20 m away from the downstream bend) were 
selected for the present study. Besides, one induced current 
measurements were mounted on the vertical pipe at 2.10m 
after the elbow.  A single particle type (polypropylene 
granule: mean diameter = 2.8mm, density = 1123 kg/m3) 
and antistatic powder type were used consistently 
throughout the experiments.  
 Air from the compressor mains flowed through the rotary 
feeder, driving granules fed into the conveying system 
from the feed hopper. Control valves (labeled as 1, 12, 15 
in Fig. 1.) were used to adjust solid and air flow rates. Air 
flow rate is controlled via a rotameter by valve 1, which 
allows a maximum flow rate of 2000 liters/min. As 
polypropylene granules were fed back to the recycle solid 
hopper, they passed through valve 12, a manual valve set 
to be open or close. Closing valve 12 enabled the solid 
mass flow rate to be measured using the Electronic Weight 
Indicator. Valve 15 is a manual valve, which was adjusted 
to control solid feed rate from the solid feed hopper to the 
conveying system. The solid mass flow rate used in this 
experiment was 0.08 kg/s ± 0.01 kg/s. 
 
 
Fig.1. 1. Air control valve, 2. rotameter, 3. rotary air lock feeder, 4-7. 
ECT senor electrodes, 8. induced current measurement, 9. 
electrometer 10. computer, 11. feed recycle hopper, 12. feed control 
valve,  13. intermediate hopper, 14. electronic weight indicator, 15. 
feed control valve. 
 
III. RESULTS AND DISCUSSION 
    Capacitances measured by ECT sensors are not only 
determined by the mixture permittivity distribution, but 
also affected by the wall and particle charge distribution. In 
this section, influence of electrostatic charges on the ECT 
measurement of solids concentration is presented first. 
Subsequently, charging process of conveying pipe wall is 
explored by measurements of electrostatic induced 
currents. Finally, an anti-static powder (Larostat-519) is 
introduced and its working mechanism is to be found. 
 
A. Subtraction of Wall Charge Accumulation →C - 1
→
C  
 
    Static charges associated with pneumatic conveying of 
granular solids may influence the ECT performance and 
result in the drifting of measurement values.  
    Fig.2 presents the variations of averaged solids 
concentration in the vertical conveying pipe 
without(2a)/with(2b) consideration of the wall electrostatic 
charge effect at three superficial gas conveying velocities 
and a fixed solids mass flow rate Gs=0.08kg/s.  
    Fig.2 (b) shows the solids concentration estimation 
through →C - 1→C  in the vertical pneumatic conveying of solids 
under solid mass flow rate Gs = 0.08 kg/s at several 
conveying velocities. It can be seen that the solid 
concentration obtained in such a manner fluctuated around 
a constant value and the fluctuations are within 0.5%. It is 
also observed that fluctuations are larger at lower 
velocities. There are several possible factors contributing 
to the fluctuations over the constant value. Firstly, the 
resolution of ECT measurement system itself may cause 
the fluctuation; Secondly, the influence on capacitance 
measurements due to charges carried by flowing particles 
has not been considered in the ECT data processing, which 
might also affect the ECT measurements especially when 
the solids concentration was high. This may explain why 
the fluctuations were larger at lower conveying velocity 
under the same solid mass flow rate. Finally, interactions 
between charges accumulated at wall and those carried by 
flowing particles in the pipe may also affect the 
measurement. This effect is not considered in the present 
work although it could contribute to larger fluctuations at 
low conveying velocities where the solids concentrations 
become higher. 
 
 
(a) 
 
(b) 
 
Fig.2. Variation at vertical pipe of (a) averaged effective solids 
concentration and (b) solids concentration considering wall electrostatic 
charge influence with time (data averaged over 10 sec) from an ECT 
sensor located at z = 2.05 m away from the bottom elbow. Data measured 
after transporting the polypropylene granules (ds = 2.8mm) for “t, sec” 
into a horizontal PVC pipe (i.d, D = 40.4mm). Solids flow rate Gs = 0.08 
kg/s. 
 
 
 
 
B. Charged Pipe Wall 
 
 
 
Fig. 3. Cross-sectional time averaged effective solids concentration values 
measured with the air alone flow after transporting the polypropylene 
granules (ds = 2.8mm) for‘t,sec’ are compared for three air superficial 
velocities, U = 26.0 m/s, U = 23.4 m/s and U = 14.3 m/s. The ECT sensor 
is located at vertical pipe z = 2.05 m away from the bottom elbow 
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    (b)                  
Fig. 4. Induced current from the flow patterns disperse flow and capsule 
flow regimes at T=53min. (a)&(b): patterns as shown in Fig.3. (a) 
U=23.4m/s, Gs=0.08kg/s, dispersed flow; (b) U=14.3m/s, Gs=0.08kg/s; 
capsule flow.  
 
In the present research, attempt has also been made to 
analyze the induced current from the patterns shown in 
Fig.3 (disperse flow and capsule flow) and the results are 
shown in Fig.4.  It is seen that the maximum induced 
currents (I) for the disperse flow and the capsule are 3e-
08A and 1.2e-07A, respectively.  It shows that capsule 
flow regimes have higher induced current in comparison 
with that of disperse flow, which can be explained by their 
(Fig.3) different air superficial velocities. For a disperse 
flow with a higher air superficial velocities, particles move 
through the vertical pipe quickly with fewer collisions with 
the pipe wall. However, for a capsule flow, particles cannot 
rise quickly due to a lower gas flow velocity. In this case, 
gravity will do an obvious effect on particle track so that 
particles will tend to hover upward and slide on the pipe 
wall under the effect of electrostatic force. From our 
previous experiments [10], it was observed that many 
particles lapped over each other and slide upwards on the 
pipe wall slowly, which results in greater charge 
generation.  
 
 
 
Fig. 5 The cross-sectional averaged (data averaged over 10sec) effective 
solids concentrations are presented for the effect of Larostat-519 powder 
in the conveying system. Data collected after transporting the 
polypropylene granules without Larostat-519 (labeled with ‘a’) (ds = 
2.8mm) for ‘t,sec’ with (U = 19.5 m/s, Gs = 0.08 kg/s) and with Larostat-
519 (labeled ‘b’) in the conveying solids . The ECT sensor is located at z 
= 1.32m away from the bottom elbow. The drainage permittivity 
coefficients are also plotted for the air-alone flow after several hours of 
conveying operation with solids.  
 
C. Larostat-519 Powder Anti-electrostatic Effect 
 
After the system reached an equilibrium state, normally 
after more than 2 hours operating time, the solids flow was 
turned off and ECT system was used to continually 
monitor the capacitance change with time. The experiments 
were conducted for both the cases of with and without air 
flowing. The cross-sectional values estimated over a 
sampling duration of 30s were compared (Fig.5) for the 
effect of Larostat-519 on the charge perturbations of the 
effective solids concentration and the measurements were 
continued further after cutting off the solids supply. As 
time progressed, the residual charges were picked up by 
the medium and an equilibrium state is finally reached.  
The effective solid concentration reading for run (a) 
without addition of Larostat-519 powder is higher than that 
of run (b) with Larostat-519 powder in the charge 
accumulation curves (Fig.5). The difference in effective 
solid concentrations between these two runs is larger with 
time progressing. This suggests that drifting arising from 
the static electricity in the run (a) is higher than that of the 
run (b) and the addition of Larostat-519 powder indeed 
reduces the generation of electrostatic charge. This might 
 
 
be due to the fact that the Larostatic-519 powder added in 
the run (b) forms a thin film in the inner wall of the 
conveying pipe and at the surface of the polypropylene 
particles and the collisions between particle and the wall 
are then changed to collisions between alike Larostatic-519 
powder films formed at the pipe wall and particles. From 
Fig. 6, it is seen that polypropylene particle surface is 
covered by Larostat-519 powder films in the conveying 
system.  The same result is seen for the pipe wall and thus 
confirms the above speculation about the reduction of 
electrification through similar particle collisions. Hence, it 
can help to clarify the fact that adding larostat-519 powder 
will help to decrease the electrostatic charges generations 
compared to the run in which no larostat-519 powder was 
added. This results in much lower electrostatic charge 
generations than run (a) in which no larostat-519 powder 
was added, as shown in Fig.5. It is noted that after the 
solids feeding is turned off at roughly t = 8,700s and 
8,400s for run (a) (without Larostat-519) and run (b) (with 
Larostat-519), respectively, there is a sudden drop of the 
effective solid concentration value. This drop corresponds 
to the solids concentration if the effect of electrostatic 
charges in the particles is neglected. The drop in effective 
solids concentration of run (a) is almost the same as that of 
run (b), further revealing that the effect of electrostatic 
charge on the particle on the effective solids concentration 
might be negligible. The initial value in the dissipation 
curve can be regarded as the accumulated wall charges. 
Dissipation curves in Fig.5 shows that effective solid 
concentration is indeed larger for case (a) than case (b). 
This suggests that the residual charge without Larostat-
519 (for air flow alone) is indeed larger than 
that with Larostat-519. 
Moreover, a peculiar flow pattern, annular capsule flow 
regime, was observed in our previous study [10]. This flow 
pattern disappeared after the addition of antistatic Larostat 
-519 powders, suggesting that static electricity played a 
considerable role in the formation of this peculiar flow 
regime. 
 
     
                    (a)                                                      (b) 
 
Fig. 6 Scanning electron micrographs of polypropylene particles in the 
pneumatic conveying system (a) mixed with Larostat-519 powder; (b) 
without Larostat-519 powder. 
 
IV. CONCLUSIONS 
In this study, electrostatic charge generation and 
dissipation in pneumatic conveying of granular solids are 
investigated at various operation conditions and flow 
regimes using Electrical Capacitance Tomography.  
Present result confirms that the static charge developed 
from the particle-wall collisions perturbs the capacitance 
signals of the Electrical Capacitance Tomography (ECT) 
sensors. Therefore, a reliable solid concentration data 
should be obtained after calibrating the shift in the baseline 
ECT values due to the charged pipe wall. It is also found 
that the charge perturbations into the capacitance signal are 
larger with smaller superficial air velocities due to larger 
electrostatic charge effect. Finally, it is revealed that the 
addition of Larostat-519 forms a thin layer on the particles 
as well as on the pipe walls hence reduces the charge 
generation in general. 
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